Core tip: Several randomized trials and meta-analyses have confirmed that the implementation of early rehabilitation programs for perioperative care is useful for recovery of patients after colorectal resection. However, most of the previous evidence is obtained from studies of early rehabilitation programs adapted to open colonic resection. Currently, early rehabilitation combined with laparoscopic rectal surgery can be a feasible alternative in some selected patients, but indications are not established. Current evidence fails to support the safety of early rehabilitation combined with laparoscopic rectal surgery compared to that reported for laparoscopic colon surgery.
Abstract
During the past several decades, early rehabilitation programs for the care of patients with colorectal surgery have gained popularity. Several randomized controlled trials and meta-analyses have confirmed that the implementation of these evidence-based detailed perioperative care protocols is useful for early recovery of patients after colorectal resection. Patients cared for based on these protocols had a rapid recovery of bowel movement, shortened length of hospital stay, and fewer complications compared with traditional care programs. However, most of the previous evidence was obtained from studies of early rehabilitation programs adapted to open colonic resection. Currently, limited evidence exists on the effects of early rehabilitation after laparoscopic rectal resection, although this procedure seems to be associated with a higher morbidity than that reported with traditional care. In this article, we review previous studies and guidelines on early rehabilitation programs in patients undergoing rectal surgery. We investigated the status of early rehabilitation programs in rectal surgery and analyzed the limitations of these studies. We also summarized indications and detailed protocol components of current early rehabilitation programs after rectal surgery, focusing on laparoscopic resection.
INTRODUCTION
Previously, patients undergoing colorectal surgery received traditional perioperative care, which comprised sufficient mechanical bowel preparation, insertion of a nasogastric tube, preoperative fasting, postoperative fasting for up to 1 wk, and multiple intra-abdominal drains. Eventually, early rehabilitation programs were developed to decrease postoperative pain, perioperative physiological stress, and organ dysfunction, and to promote patient motivation, leading to enhanced recovery after surgery; decreased postoperative morbidity, length of hospital stay, and health care resources; and improved overall outcomes [1] . Since their first introduction in the mid-1990s, early rehabilitation programs, also known as fast-track pathways or enhanced recovery after surgery (ERAS), have become increasingly popular in the care for patients with colorectal surgery [2] . During the past several decades, many studies have reported the results of early rehabilitation programs in colorectal surgery. Several randomized controlled trials and meta-analyses have indicated that the implementation of these evidence-based detailed perioperative care protocols is useful for early recovery of patients after colorectal resection [3] [4] [5] [6] [7] . Patients who underwent these programs showed rapid recovery of bowel movement, shortened length of hospital stay, and fewer complications compared with traditional care programs. However, most evidence from previous studies corresponded to patients undergoing colonic surgery for various diseases. Currently, the strongest evidence for early rehabilitation programs was adopted from open colonic resection [8] . At present, early rehabilitation programs in rectal surgery require standardization and can be adopted only after validation with high-level evidence from well-designed randomized controlled trials.
In this review, we summarized early rehabilitation programs reported in previous studies and guidelines including patients undergoing rectal surgery, and we analyzed the limitations of these studies. We also summarized indications and details of current early rehabilitation programs after rectal surgery, focusing on a laparoscopic resection perspective.
EARLY REHABILITATION PROGRAMS AFTER RECTAL SURGERY: STATUS QUO
Early rehabilitation and laparoscopic colonic surgery Laparoscopic colorectal surgery has been established as a comparable alternative to open surgery with respect to its feasibility, safety and long-term outcomes. For malignant diseases, laparoscopic colonic resection performed by an experienced surgeon involves adequate lymph node harvest, sufficient surgical margins, and reduced operative time and intraoperative blood loss [8] . A previous study suggested that laparoscopic surgery could reduce the prevalence of postoperative immunosuppression [9] . Prospective randomized trials have shown that laparoscopic surgery for colon cancer can achieve earlier recovery in organ function and long-term oncological results equal to those for open colonic resection [10] [11] [12] . However, these trials did not apply early rehabilitation programs. Both laparoscopic surgery and early rehabilitation programs focus on minimizing surgical pain and perioperative stress, and enhancing recovery after surgery. Many cohort series, meta-analyses, and several prospective randomized studies showed early rehabilitation programs and laparoscopic surgery can have a synergistic effect in enhancing recovery after laparoscopic surgery for colon disease [9, 13, 14] . Recently, the Laparoscopy and/or Fast-track Multimodal Management Versus Standard Care (LAFA) study, the largest multicenter randomized controlled trial thus far, reported comparative results between laparoscopic and open colectomy [9] . The total length of hospital stay was 2 d less than that after laparoscopic surgery. Furthermore, laparoscopic surgery was the only predictive factor associated with reduced hospital stay and morbidity. The results from the LAFA study also indicated that early oral intake, early mobilization, and laparoscopic surgery were independent determinants of early recovery [9, 15] . In a previous study, we evaluated the efficacy of a rehabilitation program after laparoscopic colon surgery in the context of a randomized controlled trial. We found that the recovery time was shorter in the early rehabilitation program group than in the conventional care group, without differences in complication rates, quality of life, and pain [13] . Previous studies representative of laparoscopic colon surgery with early rehabilitation are summarized in Table 1 . As early rehabilitation programs became more popular in the management of patients undergoing colon surgery, an international collaborative research group proposed a set of guidelines for perioperative care in elective colonic surgery, with the participation of the ERAS Society for Perioperative Care, The European Society for Clinical Nutrition and Metabolism, and The International Association for Surgical Metabolism and Nutrition [16] . These guidelines recommend detailed protocols for each component ranging from patient selection to hospital discharge, and provide additional consideration points in the setting of laparoscopic surgery.
Early rehabilitation and laparoscopic rectal surgery
Laparoscopic rectal resection for various benign and malignant diseases, including total mesorectal excision, is considered technically challenging and has not gained popularity compared to laparoscopic colon resection. However, several studies have demonstrated that it is a feasible and safe alternative to open rectal surgery; some authors have reported that the short-and long-term oncological results were equal to those with open surgery [17] [18] [19] [20] . We also reported the results of our multicenter study comparing open vs laparoscopic surgery for midrectal and low rectal cancer after neoadjuvant chemoradiotherapy (COREAN trial), which showed that laparoscopic surgery was safe and had short-term benefits, including earlier recovery of bowel function, shorter time to resume a normal diet, shorter time to first defecation, and less requirement for morphine, compared with open surgery [21] . Similarly, the quality of oncological resection was equivalent. Patients enrolled in the COREAN trial received postoperative management consisting of tradi-tional standard care instead of an early rehabilitation program. Only a few study results support the hypothesis that laparoscopic rectal surgery and a subsequent early rehabilitation program can act synergistically to enhance postoperative recovery and surgical outcomes. During the past decade, some studies including prospective cohort studies and randomized controlled trials have shown that early rehabilitation programs enhance recovery after laparoscopic rectal resection and shorten the length of hospital stay [22] [23] [24] [25] [26] . However, these studies were heterogeneous: mixed open surgery or laparoscopy, colorectal disease or rectal disease, diverting stoma, and sphincter preservation, which makes it difficult to accept the validity of their results. Additionally, differences exist in the detailed components of individual early rehabilitation programs, which are classified into three categories of preoperative preparation, intraoperative intervention, and postoperative management, making it difficult to interpret a causal relationship between the components and positive/negative outcomes. To the best of our knowledge and based on the results of this literature review, only five studies have reported the results of implementation of early rehabilitation programs after laparoscopic rectal surgery: three prospective cohort studies [22, 27, 28] , one retrospective case-control study [29] and one randomized controlled trial [30] . The characteristics of these studies are summarized in Table 2 .
A prospective cohort study by Lindsetmo et al [22] reported the results of 37 patients undergoing laparoscopic rectal resection. The mean hospital stay was 3.
in which 90% of patients were discharged < 5 d after surgery. No anastomotic leaks or mortality occurred, and the in-hospital complication rate was 8% (1 surgical-site infection 
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Wang et al [26] , 2012 vestigated factors that may have affected the results of the enhanced recovery program combined with laparoscopic rectal surgery. As designated by their program, patients were scheduled to be discharged on postoperative day 5. The criteria of discharge included absence of fever or tachycardia, successful passage of flatus or stool, tolerance of three meals per day, pain relief with oral nonopioid analgesics, and independent ambulation. They reported a success rate of 52.5%, and this failure was related to low rectal lesion sites (< 7 cm from the anal verge) and surgery-related complications, with a rate of 13.8%. The authors concluded that the enhanced recovery program for laparoscopic rectal surgery is feasible but is not advised for all cases requiring laparoscopic rectal surgery. Previously, we had designed a prospective, randomized, controlled parallel group trial to compare the outcomes of an early rehabilitation program vs conventional care after laparoscopic low anterior resection in patients with mid-rectal or low rectal cancer (≤ 10 cm from the anal verge) [30] . The primary endpoint was recovery within 4 postoperative days and the criteria for recovery were as follows: tolerable diet for 24 h, safe ambulation, analgesicand 1 urinary tract infection). Readmission was required in three patients (8%) because of medical illness. The authors suggested that laparoscopy in conjunction with modern perioperative care allows rapid recovery with efficient use of hospital resources.
In contrast, two cohort studies by Stottmeier et al [28] and Chen et al [27] highlighted that postoperative morbidity remains substantial after laparoscopic rectal surgery combined with early rehabilitation program, even though performed by experienced surgeons. Stottmeier et al [28] reported a median hospital stay of 5 d and a postoperative complication rate of 25% among 102 consecutive patients who had undergone elective fast-track laparoscopic rectal cancer surgery. Although about 40% of the patients had a diverting colostomy or ileostomy, reoperation was needed in 15% owing to anastomotic leakage, colonic ischemia, intra-abdominal abscess, or mechanical obstruction. Postoperative mortality (< 30 d) occurred in 3% of the patients; one with postoperative septicemia and pneumonia, one with postoperative multiorgan failure, and one with intraoperative splenic bleeding. Chen et al [27] calculated the success rate of their enhanced recovery program and rein-
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Lindsetmo et al [22] , [28] , free, and afebrile status without major complications. The sample size was based on a superiority design. All patients were between 20 and 80 years of age and had undergone temporary loop ileostomy with laparoscopic low anterior resection. Protocols for perioperative care programs and interventions were modified from previously described protocols for colonic surgery (Table 3) . Ninety-eight patients were randomized on a 1:1 basis to an early rehabilitation or conventional care program. The recovery rates were no different in both groups; however, more com-
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Huibers et al [29] , 2012 Lee et al [30] , 2013 plications were observed in the rehabilitation program group (42.3% vs 24.0%, P = 0.054), which were related to postoperative ileus (28.8% vs 13.0%, P = 0.057), and acute voiding difficulty (19.6% vs 4.7%, P = 0.032). Our randomized trial did not show that an early rehabilitation program was beneficial after laparoscopic low anterior resection. These results support those of previous studies in that postoperative morbidity might be a major obstacle to the ERAS in rectal cancer surgery.
CURRENT EVIDENCE-BASED RECOMMENDATIONS FOR EARLY REHABILITATION AFTER RECTAL SURGERY
Consideration points for adopting early rehabilitation program in rectal surgery
For the successful application of early rehabilitation programs to patients undergoing laparoscopic rectal resection, we need to recognize that colon surgery is entirely different from rectal surgery, which requires a deep pelvic dissection and is frequently accompanied by higher complication rates, longer hospital stay, and associated with unique complications such as sexual dysfunction, urinary retention, and pelvic organ injury (e.g., hypogastric nerves and ureters) not seen in intra-abdominal colonic resection. Compared with colonic segmental resection, rectal surgery has higher technical complexity, longer operative times, and use of retraction known to increase perioperative morbidity [8] . Therefore, previous studies involving early rehabilitation programs excluded patients undergoing rectal resection [1, 3, 4, 8] . In some studies, the results of rectal resection were mixed in the overall analysis of the application of early rehabilitation program protocols [23, 24, 26, 31] . The available guidelines for perioperative care in rectal surgery are currently limited [2, 8] . Recently, guidelines for perioperative care in elective rectal surgery were published by the ERAS Society, which had also published colonic guidelines [8, 16] . In these guidelines, the authors remarked that they specifically considered the application of ERAS principles to a special population of rectal resection patients, because of the differences between colonic and rectal surgery. Until now, ERAS Society recommendations seem to be the best evidence-based guidelines for each item of the perioperative treatment pathway. These recommendations were derived from extensive review of meta-analyses, randomized controlled trials, and large prospective cohorts. However, these guidelines are basically intended for open rectal surgery, and are not focused on laparoscopic surgery. ERAS Society recommendations assess the quality of evidence ("high", "moderate", "low", "very low"), and decide the strength of recommendations as follows: strong recommendations indicate that the panel is confident that the desirable effects of adherence to a recommendation outweigh the undesirable effects; and weak recommendations indicate that the desirable effects of adherence to a recommendation probably outweigh the undesirable effects, but the panel is less confident [8] . Many items in the recommendations are based on low or moderate level of evidence. Some items are recommended by a high level of evidence, such as prophylaxis against thromboembolism or preoperative bowel preparation; however, studies on these items are based on the results of patients undergoing open surgery or in a population undergoing both open and laparoscopic surgery. Specific validation for these items in patients undergoing laparoscopic rectal resection remains insufficient.
Currently, no early rehabilitation protocol perfectly fits all patients undergoing laparoscopic rectal surgery [2] . For each individual patient, these guidelines, which are suggestions on the basic concept for early rehabilitation, should be modified to optimize perioperative care, minimize postoperative morbidity, and improve overall patient outcomes.
Patient selection, counseling and risk assessment
The first step is selecting patients. Extensive discussion with candidate patients on the entire surgical procedure followed by early rehabilitation program may be the most important step. This step can give patients the best insight into the benefits and risks and motivate them to make an effort to enhance their recovery after surgery because the success of early rehabilitation is affected by the active participation of the enrolled patient [2] . Previous studies and guidelines recommended direct interview, leaflets, or multimedia as information-providing methods [8] . Generally, patients who are bedridden, severely malnourished, and with an American Society of Anesthesia (ASA) score ≥ 3, who are planning to receive emergency rectal surgery are excluded, and any healthy patients with ASA 1-2 are included [8, 32] . It is also important to improve the patient's medical condition by correcting anemia, malnutrition, or hyperglycemia, and promoting cessation of smoking and alcohol consumption at least 4 wk before surgery [33] .
Bowel preparation
Mechanical bowel preparation (MBP) is considered a necessary step before colorectal surgery, and it is believed to decrease the risk of infectious complications and anastomotic leakage. However, several studies, including large meta-analyses, showed no difference between the MBP and no MBP groups on infection rates or anastomotic leakage after colorectal surgery [8, [34] [35] [36] . Some studies suggested that MBP increased dehydration and electrolyte imbalance [37] . On the contrary, a recent multicenter randomized trial showed that overall and infectious complications were higher in the no MBP group compared with the MBP group in patients undergoing low anterior resection. In this study, a non-significant trend to a twofold higher risk of anastomotic leak (19% in no MBP vs 11% in MBP) was also observed [38] . Current guidelines support omitting MBP in colonic surgery but indicate insufficient evidence supporting this omission in rectal surgery [8, 39, 40] . There has been no study on MBP efficacy in the context of early rehabilitation programs. The Society of American Gastrointestinal and Endoscopic Surgeons Guidelines comments that MBP may be helpful in laparoscopic colorectal surgery, because it can make laparoscopic colorectal manipulation easier [40] . Further studies comparing MBP with no MBP in patients undergoing laparoscopic rectal surgery are necessary.
Postoperative pain
Postoperative analgesia is critical to enhance patient recovery because it directly affects early ambulation and patients comfort. Postoperative analgesia requires a multimodal approach consisting of the collaboration of the patient, surgeon, nurse, anesthesiologist and pain specialist [2] . Patient-controlled opioid analgesia (PCA) usually shows satisfactory result after rectal surgery [41] . However, PCA has some side effects influencing early recovery of patients, such as nausea, vomiting, and prolongation of postoperative ileus as well as sedation and respiratory suppression [2] . Two recent guidelines recommended continuous epidural analgesia (CEA) for open rectal surgery during 48-72 h, with intravenous administration of lidocaine in view of the superior efficacy of pain relief compared with systemic opioids [2, 8, 42] . CEA has the benefit of delivering a combination of local and opioid analgesia directly to the dorsal horn of the spinal cord, thus providing pain relief without systemic opioid effects [43] . However, this method involves an invasive procedure for catheter insertion and has some side effects, including pruritus, urinary retention, and arterial hypotension [44] . Some authors have advocated CEA use in the context of early rehabilitation in patients without contraindications [45, 46] . They have suggested that the superiority of CEA seems to be greatest in the first 2-3 d postoperatively, and thus, routine removal of CEA after 2 or 3 d postoperatively may be a useful strategy. Some studies have shown that, in laparoscopic approaches that use only several small incisions instead of a single, large vertical incision from the umbilicus down, continuous intravenous infusion of lidocaine or PCA, as alternatives for CEA, also provide good pain relief in the first 24 h with a similar time to return of bowel function or length of hospital stay [8, 47] .
Pelvic drainage
The use of pelvic drainage after low anterior resection has been a controversial issue in rectal surgery. Some surgeons still prefer insertion of a drain into the pelvic cavity to prevent bloody ascites and its adverse effect on anastomosis. Several randomized trials and meta-analyses have shown that the routine use of a pelvic drain does not affect the anastomotic leakage or overall complications [48] [49] [50] . However, the use of a drain should be considered in cases of clinical indications, such as high-risk individuals or suspicion of tenuous anastomosis [8] .
Prevention of ileus
Prevention of postoperative ileus is a crucial element not only for success of early rehabilitation, but also postoperative morbidity, readmission, and overall outcomes. To promote bowel motility after abdominal surgery, several methods have been evaluated, including gum chewing, oral magnesium oxide, and bisacodyl suppositories [51] [52] [53] [54] . These methods have been reported to reduce time to bowel movement by 1-2 d, but there was no effect in the length of hospital stay or overall outcomes. However, the association of these medications with anastomotic dehiscence has not been addressed in a randomized trial of sufficient size. Furthermore, anastomotic leakage and temporary stoma should be considered in the use of stimulant laxatives after rectal surgery. Ileostomy has been reported as an independent risk factor for postoperative ileus, which developed in 22.8% of patients [55] . Our previous randomized controlled trial to evaluate the efficacy of an early rehabilitation program after laparoscopic rectal surgery also indicated a similar result, showing that a rehabilitation program introducing an early oral diet could increase postoperative ileus. Thus, further studies are necessary [30] .
CONCLUSION
Early rehabilitation combined with laparoscopic rectal surgery is a feasible alternative in some selected patients, but indications have not been established. Current evidence fails to support the safety of early rehabilitation combined with laparoscopic rectal surgery compared to that reported for laparoscopic colonic surgery. Longterm outcomes, which might be affected by postoperative complications, in patients with malignant disease are unknown after laparoscopic rectal surgery followed by an early rehabilitation program. More data from well-designed clinical trials should be accumulated for widening the adoption of early rehabilitation programs to patients undergoing laparoscopic rectal surgery.
